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[57] ABSTRACT 

At least one mode of a group of modes consisting of a 
photoelectric conversion/accumulation, transfer, hold 
and read-out mode adapted for image information is 
controlled by a basic clock signal generated by a central 
processing unit for driving and controlling an accumu- 
lation type photoelectric conversion element The fre- 
quency of the basic clock signal in the read-out mode is 
made lower than the frequencies of the basic clock 
signals in the conversion/accumulation, transfer and 
hold modes. Since the generation and frequency of the 
basic clock signal are controlled by the software of the 
CPU provided with no pulse oscillator, the construc- 
tion of the hardware of the system to which this inven- 
tion is applied can be simplified. In addition, since the 
read-out process of the data of the image sensor is per- 
formed for every picture element of the entire picture 
surface and the characteristic value operation with re- 
spect to the data of every picture element, the total 
processing time can be reduced. 

2 Claims, 4 Drawing Sheets 



10 



IMAGE 
SENSOR 



14— 



23 22 

PS PSA | 
CK 4fcp CLK 

/ 



0RIVE 
TIMING 
UNIT 



,SP 



± 



Hsync 



Vsync 



25 



30 

± 



1/0 



CPU -20 



RAM 



06/09/2003, EAST Version: 1.03.0002 



US. Patent Sep. 6, 1988 Sheet 1 of 4 4,769,710 

FIG. I 



DRIVE SIGNAL 
GENERATING UNIT 



CK 



IMAGE 
SECTION 
(IA) 



HOLD 
SECTION 



4 



IMAGE SENSOR 
JO 



READ-OUT 
REGISTER 



II 



TA 



(RA) 



J 



12 



13 



•PS 



FI6.2 



CK pilfHTfl-fT-fTfm^-fVn-T 
Gl 
G2 



E3EEJ 



IA TA 



G3 



ti 



RA 



iaNraI 



t2 



FIG. 3 



fl f2 fl 



f2 fl 



ck n-mvn- -n-- ™^ t 



HI IA 
HHI 
H2 

HH2 



TA RA 



IA TA RA 



tio 



IA 



TA| RA 



til 



IA TA RA 



tl2 



06/09/2003, EAST Version: 1.03.0002 



US. Patent Sep. 6, 1988 Sheet 2 of 4 4,769,710 




CD 



< 

o 
cr 

Q_ 







-£ 




Q 






CVJ^ — 


< 










06/09/2003, EAST Version: 1.03.0002 



US. Patent Sep.6,1988 Sheet 3 of 4 4,769 




06/09/2003, EAST Version: 1.03.0002 



US. Patent Sep. 6, 1988 

Fl 



Sheet 4 of 4 4,769,710 



G. 6 



C START ) 





4fcp ON | 



SI 



4fCP OFF 




^SIO 



STOP OSCILLATION 
FOR TIME T 




4fCP OSCILLATION 



JL 



S20 



PROCESS A 



I 



OSCILLATION 
AT LOW 
FREQUENCY 



S30 




YES 



S3 1 EFFECTIVE 
NO AREA? 



S40 



4fcp ON I !4fcP ON 



z;S60 



T ?S6 



4fcP OFF I |4fCP OFF I 
t <;S42^ t ^S62 



4fCP 



I 



ON 

^S43 



4fCP 



ON 
SS63 



|4fcP OFF I |4fCP OFF I 

♦ / S44 I ^ 4 

|4fCP 



T 



"ONl 
~T^S45 



4fCP ON I 



. 1 7 S65 

|4fcP OFF I |4fcP OFF I 

t ^S 46 i ^ S66 



INPUT DATA 
FROM A/D 



4fcP on! 
1 xS67 



t 7S47 I /lx rp Qpr- 1 

4fCP ONI r tcp . op H 



IZZZS48 



CALCULATE 
CHARACTERISTIC 
VALUE 



I4fty| 0FFI -S49 




CALCULATE 
CHARACTERISTIC 
VALUE 



NO 




-S50 



S68 
ALL 

PICTURE 
ELEMENTS? 



IYES 

("end") 



S5I 
ALL 

PICTURE 
ELEMENTS? 



06/09/2003, EAST Version: 1.03.0002 



4,769, 

1 

METHOD FOR CONTROLLING ACCUMULATION 
TYPE PHOTOELECTRIC CONVERSION 
ELEMENT 

5 

BACKGROUND OF THE INVENTION 

This invention relates to a method of effectively con- 
trolling an accumulation type photographic conversion 
element driven by basic clock signals generated by a 
central processing unit (CPU) in case of reading out 10 
image information of image data in accordance with the 
mode cycle consisting of the photoelectric conversion, 
accumulation, transfer, hold and read -out modes. 

Recently, in accordance with the development of 
solid device technique mainly inclusive of an integrated 15 
circuit (IQ technique, rapid and large development has 
also been observed in a technique of an accumulation 
type photoelectric conversion or transducer element. 
This technique is, however, not satisfactory for those 
skilled in this art, and in the field of the application of 20 
this art, many techniques or skills have been required, 
and in order to satisfy these requirements, the image 
information readout device is complicated and thus 
expensive. 

FIG. 1 shows a block diagram of a circuit system 25 
widely adapted in these days in cases of reading out an 
image by means of an accumulation type photoelectric 
conversion element, in which an image sensor 10 con- 
sisting of a charge coupled device (CCD) is used as the 
accumulation type photoelectric conversion element 30 
and the image information is synchronized with drive 
signals CK at an image section 11 to be photoelectri- 
cally converted and accumulated (I A), and thereafter 
transferred (TA)to a hold section 1Z The charge once 
accumulated in the hold section 12 is transferred with a 35 
standard scanning system and is then read out (RA) 
from a read-out register 13 as an image signal PS. The 
cycle consisting of photoelectric conversion accumula- 
tion (IC), transfer (RA) and accumulation read-out 
(RA) steps is totally equally controlled by the drive 40 
signals CK with constant frequencies transmitted from 
the drive signal generating unit 1, and the timing of this 
operation is represented by the timing chart shown in 
FIG. 2. Referring to FIG. 2, in a read-out cycle for an 
image on a picture image Gl, when the photoelectric 45 
conversion/accumulation (LA) and the transfer (TA) 
steps have been completed (at time point tl), the held 
image information (Gl) is read out and the next read- 
out cycle for the image on a picture image G2 then 
starts. In the similar manner, when the transfer and hold 50 
steps of the image information of the picture image G2 
have been completed (at time point t2), the held image 
information of the picture image G2 is read out and the 
further next read-out cycle for the picture image G3 
starts. Similar operations will be repeatedly carried out 55 
in the subsequent steps. 

It is necessary for the frequency of the drive signals 
CK for controlling the respective cycles to be very high 
such as several hundreds KHz to several MHz for the 
reason that the application of the drive signals CK with 60 
a low frequency makes the accumulating time and the 
transferring time longer, which adversely results in the 
degradation of the quality of the image data due to the 
increasing of the dark current, for example. 

Because of this fact, in actual operation, it is neces- 65 
sary to make the frequency of the clock signals CK high 
and it is also necessary for peripheral circuit elements to 
have a rapid or quick speed performance or response. 



2 

These facts make the image information read-out device 
expensive as a whole. In more detail, the lowering of 
the frequency of the clock signals CK used as drive 
signals for the image sensor 10 results not only in a 
delay of the total processing time, but also the occur- 
rence of a problem of the degradation of the quality 
such as dark current, for example. On the other hand, 
the increasing of the frequency thereof to prevent the 
degradation of the quality, requires the outputting of 
the image signal at a speed in response to that fre- 
quency. This requires a sample-hold circuit to match 
the image processing system and the processing speed 
or an analog-to-digital (A/D) converter which is to be 
operated at high speed, thus being inconvenient. 

Taking the above matters into consideration, there 
has been proposed a driving method with two frequen- 
cies in which the frequency of the drive signals CK 
from the drive signal generating unit 1 is switched in 
accordance with the magnitude thereof as shown in 
FIG. 3 so as to thereby utilize the high frequency ft in 
the photoelectric conversion/accumulation, transfer 
and hold modes in the image sensor 10 and to utilize the 
low frequency (2 only in the read-out mode. In more 
detail, referring to the timing chart of FIG. 3, with 
respect to the picture image HI, the photoelectric con- 
version/accumulation, transfer and hold modes are 
executed by drive signals of the high frequency fl and 
upon the completion of the transfer and hold modes at 
a time point tlO, the read-out mode is started by drive 
signals of the low frequency £2. During the read-out 
operation of the picture image HI, the image informa- 
tion of the next picture image HH1 is photoelectrically 
converted/accumulated, transferred and held, but the 
accumulated electric charge therefor is based on the 
low frequency £2, so that the dark current is increased 
and the quality is also degraded. For this reason, the 
image information is processed by the high frequency fl 
at a time point til, without utilizing the electric charge, 
as an image signal P, of the picture image HH1 accumu- 
lated during the time when operated with the low fre- 
quency fl, to read out the electric charge of the picture 
image HH1 and then to start the accumulation of an 
electric charge of the further next picture image H2. 
The read-out operation of the picture image H2 is per- 
formed by the low frequency f2, and the image informa- 
tion of the picture image H2 accumulated at that time is 
not also utilized as the image signal PS. In the similar 
manner, the operation continues and the photoelectric 
conversion/accumulation, transfer, and hold modes are 
performed by the signal of high frequency fl and the 
read-out operation of the accumulated charge is per- 
formed by the signal of low frequency f2. During the 
read-out operation due to the low frequency f2, it is 
necessary to not use the image data including the dark 
current component accumulated with the low fre- 
quency f2 as the image signal PS. The driving method 
of the type described above is usually adapted for the 
read-out process of a stationary picture image, and since 
it is not necessary for this driving method to be pro- 
cessed at a high speed, integrated circuits and/or other 
circuit systems can be constructed so as to be operable 
at a low speed and the output thereof is relatively stable. 
Against these advantages, the driving method provides 
disadvantages such as that the processing speed is de- 
layed because the read-out process is carried out by the 
signal of a low frequency and an extra circuit for 
switching the frequencies is additionally required. 
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FIG. 4 is a block diagram showing a drive and read- description when read in conjunction with the accom- 

out system for a conventional image sensor 10 of a panying drawings. 

generally known type, which is provided with , a pulse DESCRIPTION OF THE DRAWINGS 

oscillator 2 for outputtmg a clock pulse CP with a pre- 
determined frequency. The clock pulse CP is inputted 5 In the accompanying drawings: 
into a control timing unit 3 adapted for controlling the FIG. .1 is a block diagram of a system adapted for 
operation and a basic clock 4fcp generated therein is explaining the driving operation of an image sensor; 
then inputted into a drive timing unit 14 adapted for the FIGS. 2 and 3 are timing charts used for explaining a 
driving. The drive timing unit 14 outputs drive signals read-out process of a conventional image sensor; 
CK referred to hereinbefore for driving the image sen- 10 FIG. 4 is a block diagram of a conventional system 
sor 10 in response to the basic clock 4fcp and a vertical for reading out a picture image; 
synchronizing signal Vsync for representing the syn- FIG. 5 is a block diagram of a system to which the 
chronism of one picture image scanning due to the method, of this invention is applicable; and 
operation of the image sensor 10. The whole drive sys- FIG. 6 shows a flowchart for explaining the opera- 
tem is totally controlled by a CPU 20, to which a loga- 15 tion processes or steps of the system shown in FIG. 5. 
rithmic converting memory 21 adapted ^ J^"^ DESCRIPTION OF THE PREFERRED 
conversion, input/output port 24 and a random access uvranniiwfFMT 
memory (RAM) 25 are operatively connected through civujuuuvusin 
a bus line BS. The image signal PS transmitted from the Referring to FIG. 5 showing a block diagram of one 
image sensor 10 is inputted into an amplifier 23, from 20 embodiment of an apparatus which can be driven by the 
which is transmitted an amplified image signal PSA method according to this invention, the apparatus not 
which is then digitalized (PSD) by an A/D converter being provided with a pulse oscillator, a basic clock 
22. The thus digitized value is stored in the RAM 25 as signal 4fcp is inputted into a drive timing unit 14 in 
a density value obtained in accordance with a logarithm response to the ON-OFF control of a CPU 20 through 
mic table in the converting memory 21. The CPU 20 is 25 an input/output port 30. The output from an A/D con- 
also operatively connected to the control timing unit 3 verter 22 into which the basic clock signal 4fcp is input- 
through the input/output port 24, from which a timing ted as a timing pulse CLK is stored in a RAM 25 as a 
signal TM1 controlling the start timing and end timing true value through the input/output port 30 and is ef- 
is outputted and also from which is transmitted a timing fected by other treatment or processing. The drive 
signal TM2 which controls the timing of the A/D con- 30 timing unit 14 generates a vertical synchronizing signal 
verter 22, whereby the data conversion from the con- Vsync, a picture element clock signal SP corresponding 
verting memory 21 can be controlled by the timing to one picture element of the image sensor 10 and a 
signal TM2. horizontal synchronizing signal Hsync representing the 
As described in detail hereinbefore, in the driving timing of one scanning line, which are then input to the 
system for the conventional image sensor 10, the CPU 35 CPU 20 through the input/output port 30, respectively. 
20 controls or manages the pulse oscillator 2 which The CPU 20 can thus recognize the operation mode of 
always generates pulses with a constant frequency re- the image sensor 10 in accordance with the inputted 
gardless of the operation of the CPU 20. The CPU 20 vertical synchronizing signal Vsync, the horizontal 
also controls the driving of the image sensor 10 and the synchronzing signal Hsync and the picture element 
read-out operation of the data. It is thus necessary to use 40 clock signal SP. 

a direct memory access (DMA), which makes the con- The processing of the CPU 20 is performed in accor- 

trol system complicated, and moreover, in the two-fre- dance with the flowchart of FIG. 6, which will be de- 

quency driving method described hereinbefore, the scribed in detail hereunder. 

controlling method or operation will be made more When the image reading-out processing starts, the 

complicated. 45 CPU 20 operates so as to switch "ON" the basic clock 

CT TkJTKA ADV nB TOT TMVTJMTinW 4fc P ^ " H " ^ St > thereafter SWitch 

SUMMARY OF THE INVENTION « OFp . ^ dock 4fcp ^ ^ « L » level (Step §2). 

An object of this invention is to eliminate defects or This operation is repeated until the level of the vertical 

disadvantages and to provide a method for controlling synchronizing signal Vsync reaches "L" level (Step 

an accumulation type photoelectric converting element 50 S3). When the level of the signal Vsync reaches the 

for realizing the read-out of the image with a relatively level "L", the basic clock 4fcp is switched to take "ON" 

short processing time and using a system having a rela- (step S4) and "OFF" (Step S5) conditions and this 

tively simple and cheap construction. switching operation is continued until the level of the 

This and other objects can be achieved according to vertical synchronizing signal Vsync changes from "H" 
this invention by providing a method for controlling an 55 level to "L" level (Steps S4 to S9), In the flowchart of 
-accumulation type photoelectric conversion element in FIG. 6, a process in which the vertical synchronizing 
which a basic clock signal for driving an accumulation signal Vsync changes so as to have the signal level 
type photoelectric conversion element is prepared in a "L W ->**H"-VL" in this order is treated as the "process 
central processing unit and at least one mode of a group A". During the process A, the CPU 20 generates the 
of modes consisting of a photoelectric conversion- 60 basic clock 4fcp with the constant frequency, for exam- 
accumulation, transfer, hold and read-out modes is con- pie, 4MHz. When the level of the vertical synchronize 
trolled by the basic clock signal generated by the cen- ing signal Vsync reaches "L" level at the step S9, the 
tral processing unit In a preferred embodiment, the generation of the basic clock 4fcp is stopped for the 
frequency of the basic clock in the read-out mode is predetermined time period T (Steps S10 and Sll). Dur- 
made lower than those of the basic clock signals in the 65 ing the time interval between the steps SI and Sll, the 
other modes. photoelectric conversion and accumulation processes in 

The nature, principle and utility of the invention will the image section 11 of the image sensor 10 are carried 

become more apparent from the following detailed out After the time T elapses and the photoelectric 



06/09/2003, EAST Version: 1.03.0002 



4,769,710 

5 6 

conversion and accumulations are completed, the CPU of the basic clock 4fcp from the CPU 20 is performed at 
20 again generates the basic clock 4fcp with the prede- a high speed at the photoelectric conversion/accumula- 
termined frequency 4 MHz, for example (Step $12), and tion time and the transfer time and at low speed at the 
the electric charge accumulated in the image section 11 read-out time of the one picture element, but it is not 
during the process A is transferred to a hold section 12 5 always necessary to generate the clock 4fcp at a low 
(Step S20). When the level of the vertical synchronizing speed in the read-out time. 

signal Vsync changes in the order of the level According to this invention, since the generation or 
"L"— »"H"— »"L", the electric charge transfer operation oscillation and frequency of the basic clock signal are 
is stopped and the CPU 20 generates the basic clock controlled by the software of the CPU provided with 
4fcp to read out the next data with the low frequency 10 no pulse oscillator, the construction of the hardware of 
(i.e. the frequency which is utilized as a timing pulse the system to which this invention is applied can be 
CLK for the A/D converter 22) (step S30). At the step simplified. In addition, since the read-out process of the 
S31, in accordance with the picture element clock SP, data of the image sensor is performed for every picture 
the vertical synchronizing signal Vsync and the hori- element of the entire picture surface and the character- 
zontal synchronizing signal Hsync outputted from the 15 istic value operation with respect to the data of every 
drive timing unit 14, it is determined whether or not the picture element, the total processing time or period can 
effective area on the image sensor 10 is indeed an area be substantially reduced. 

for reading out the accumulated electric charge as It should be understood that many modifications and 
image information. According to the determination, the adaptations of the invention will become apparent to 
image signal PS of the effective area is processed at the 20 those skilled in the art and it is intended to encompass 
steps S40 to S51 referred to hereinafter and unnecessary such obvious modifications and changes in the scope of 
data of the ineffective area is processed at the steps S60 the claims appended hereto, 
to S68 also referred to hereinafter. What is claimed is: 

According to this invention, since data regarding one 1. A method for controlling an accumulation type 
picture element is putputted by repeating the ON-OFF 25 photoelectric conversion element using a central pro- 
operation of the basic clock 4fcp four times, the picture cessing unit comprising the steps of generating a basic 
element data in the ineffective area is outputted by re- clock signal with the central processing unit for driving 
p eating the ON-OFF operation of the basic clock 4fcp the accumulation type photoelectric conversion ele- 
four times at the steps S60 to S67, so that the ineffective ment and controlling at least one mode of a group of 
data of all picture elements can be outputted by repeat- 30 modes consisting of a photoelectric conversion/ac- 
ing this operation (Step S68). Regarding the picture cumulation mode, a transfer mode, a hold mode and a 
element data of the effective area, when the four-time read-out mode by said basic clock signal generated by 
ON-OFF operations of the basic clock 4fcp output the the central processing unit; 

effective data of one picture element (Steps S40 to S50, wherein a frequency of the basic clock signal for 
Steps S47 to S49), but at the third ON-OFF operation 35 driving the accumulation type photoelectric con- 
time (Steps S40 to S45), one picture element data read version element in said read-out mode is made 
out before is inputted into the A/D converter 22 lower than frequencies of the basic clock signals in 
through an amplifier 23 (Step S46). In the next step, the said photoelectric conversion/ accumulation 
basic clock 4fcp is switched on (Step $47) and an opera- mode, said transfer mode and said hold mode, 
tion or calculation of a characteristic value (for exam- 40 2. A method for controlling an accumulation type 
pie, maximum value, minimum value, density value, photoelectric conversion element using a central pro- 
etc.) of the data inputted through the input/output port cessing unit comprising the steps of generating a basic 
40 is performed for a predetermined time (I.e. a time clock signal with the central processing unit for driving 
within a period of the basic clock 4fcp). The basic clock the accumulation type photoelectric conversion ele- 
4fcp is thereafter switched off (Step S49) and the next 45 ment and controlling at least one mode of a group of 
characteristic value operation or calculation will be modes consisting of a photoelectric conversion/ac- 
performed at the next step (Step S50) as occasion de- cumulation mode, a transfer mode, a hold mode and a 
mands. The data reading out and treating processes read-out mode by said basic clock signal generated by 
made with respect to one picture element described the central processing unit; 

hereinbefore will be carried out repeatedly as to all of 50 wherein a characteristic value necessary for logarith- 
the picture elements (Step S51). mic conversion and picture treatment is calculated 

In the embodiment described hereinbefore, although in said central processing unit while picture infor- 

the output from the A/D converter 22 is directly input- mation regarding one picture element of said accu- 

ted into the CPU 20 through the input/output port 30, mulation type photoelectric conversion element is 

the output may be inputted into the CPU 20 after once 55 being outputted from image information regarding 
converting it into the density value using a logarithmic all picture elements held in the read-out mode, 

table. Furthermore, in the embodiment, the generation * * * * * 
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